ABSTRACT. The Potamotrygonidae family represents the only freshwater group of specialized elasmobranchs and is composed of 4 genera: Plesiotrygon, Paratrygon, Potamotrygon, and Heliotrygon. Individuals of Potamotrygon motoro were collected from the Paraná River at Ituzaingó (Province of Corrientes) in Argentina. Mitotic preparations were obtained using direct techniques and lymphocyte cultures. Chromosomes were studied with conventional Giemsa, C-band and nucleolus organizer region stainings. The diploid number and karyotype formulae were 2n = 66 with 33 homomorphic pairs (14M + 16SM + 22ST + 14A) in females and 2n = 65 with 31 homomorphic pairs plus 3 heteromorphic chromosomes (13M + 15SM + 23ST + 14A) in males. Heterochromatin was distributed at ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 12 (3): 2368-2375 (2013) Sexual chromosome system in Potamotrygon motoro 2369 the pericentromeric regions of almost all chromosomes and in the telomeric and interstitial positions of some chromosomes. nucleolus organizer regions were multiple and located at telomeric regions. Because of the clear karyotype differences between the 2 sexes and the presence of 3 unpaired chromosomes in males, it is possible to suggest the occurrence of a multiple sex chromosome system, with male heterogamety (X 1 X 1 X 2 X 2 /X 1 X 2 Y). Further cytogenetic studies are required to develop a hypothesis about the origin of the multiple sex chromosome system in P. motoro.
INTRODUCTION
River stingrays are Neotropical freshwater fishes of the Potamotrygonidae family and they represent the only group of specialized elasmobranchs (Brooks et al., 1981; Lovejoy, 1996) . There remains much debate about whether they belong to the Rajiformes (Castex, 1964; López et al., 2003) or Myliobatiformes order (Mould, 1997; Carvalho et al., 2004; Martin, 2004; Menni, 2004) . In the present study, the classification of Carvalho et al. (2004) was adopted. Four potamotrygonid genera are currently recognized: Paratrygon Duméril, 1865; Potamotrygon Garman, 1877; Plesiotrygon Rosa, Castello, and Thorson, 1987 (Rosa et al., 1987; Carvalho et al., 2003) , and the recently described Heliotrygon (Carvalho and Lovejoy, 2011) .
Potamotrygon is the most diverse genera with approximately 20 valid species (Carvalho and Lovejov, 2011; Silva and Carvalho, 2011) . This group is distributed along the rivers of South America that drain into the Atlantic Ocean and Caribbean Sea (Nelson, 1994) , with the exception of São Franciso River and the streams in the south of La Plata River (Brooks et al., 1981) .
In Argentina, the occurrence of 6 or 7 Potamotrygon species was proposed (Carvalho et al., 2003; López et al., 2003) , with P. motoro (Müller and Henle, 1841) having the largest geographic distribution (Castex, 1964; Martinez-Achenbach and Valentinis, 1976) . This species of stingray is commonly called raya, yabebuí, or arraya.
Cytogenetic knowledge on Chondrichthyes remains sparse, with just 70 species having been karyotyped out of more than 1100 described species. Such analyses showed that these vertebrates have peculiarities associated with the karyotypes and the size and composition of their DNA Roco, 1991, 2001) . Although the data for this group remain fragmentary, there appears to be more differences than similarities with teleosts. For instance, chromosome sets are characterized by a high diploid number (2n = up to 106) and are often rich in acrocentric elements and microchromosomes (Stingo and Roco, 1991) .
To date, few species of the family Potamotrygonidae have been studied cytogenetically. The species include: Paratrygon aiereba (2n = 90), P. motoro (2n = 66), and Potamotrygon orbignyi (2n = 66), which were collected from middle Negro River, AM, Brazil, without sex chromosome heteromorphism (de Valentim et al., 2006) . However, the occurrence of an X 1 X 1 X 2 X 2 /X 1 X 2 Y multiple sex chromosome system has been reported in P. aff. motoro and P. falkneri from the upper Paraná River basin, Brazil, with 2n = 66 chromosomes for the females and 2n = 65 chromosomes for the males of both species (Cruz et al., 2011) .
Most Neotropical fishes do not have morphologically differentiated sexual chromosomes, and according to Oliveira et al. (2009) , only 5.9% of the species studied cytogenetically have simple sex chromosomes, with female heterogamety. In marine Myliobatiformes, the few described cases of chromosomal systems for sexual determination are simple, with male heterogamety. However, chromosomal heteromorphisms related to sex have not been reported in Rajiformes (Maddock and Schwartz, 1996; Stingo and Rocco, 2001) .
In the present study, specimens of P. motoro from the Paraná River (Argentina) were cytogenetically analyzed for the first time.
MATERIAL AND METHODS
Fifteen individuals of P. motoro (8 females and 7 males) were collected from the Paraná River at Ituzaingo and Garapé (Province of Corrientes, Argentina), as well as near Posadas (Province of Misiones, Argentina). This geographic area is located in the "Ecorregión Ictiológica Misionera" and the "Axis Potámico Subtropical" (López et al., 2002) .
Mitotic preparations were obtained using direct techniques (Bertollo et al., 1978) and lymphocyte cultures (Fenocchio and Bertollo, 1988) . C-bands and Ag nucleolus organizer regions (Ag-NORs) were obtained according to the methods used by Sumner (1972) and Howell and Black (1980) , respectively. Chromosome types were determined according to the method described by Guerra (1986) , and the karyotypes were organized in decreasing order of size, being classified as metacentrics (M), submetacentrics (SM), subtelocentrics (ST), and acrocentrics (A). The fundamental number (FN) was obtained by assuming that the M, SM, and ST chromosomes were bi-armed and that the A chromosomes were mono-armed.
RESULTS
The diploid number obtained by counting 286 female cells and 118 male cells was 2n = 66 and 2n = 65, respectively ( Figure 1A and B) . The karyotype formula showed 33 homomorphic pairs in the females (14M + 16SM + 22ST + 14A), with an FN = 118 ( Figure 1A) . The males had 31 homomorphic pairs, plus 3 heteromorphic chromosomes (13M + 15SM + 23ST + 14A) and an FN = 116. Two of these elements might be homologues of the pairs 5 (M) and 15 (SM) of the females and were termed "X 1 " and "X 2 ", respectively. The large additional unpaired ST element was termed "Y" ( Figure 1B) .
Heterochromatin was distributed at the pericentromeric regions along almost all chromosomes and in the telomeric and interstitial positions of some chromosomes. The arms of the 19th pair were completely C-positive stained (Figure 2A and B) . The Y chromosome of the males had a distinctive feature: a large heterochromatic band in the pericentromeric region ( Figure 2B ). The other sex-related chromosomes (X 1 X 2 in the males and X 1 X 1 /X 2 X 2 in the females) exhibited pericentromeric C-positive bands.
The NORs were multiple and were identified from 4 to 6 chromosomes stained with silver salts (AgNO 3 ) that showed the presence of bands at the telomeric regions (Figure 3) . 
DISCUSSION
The chromosome number of P. motoro (2n = 65-66) is in the range of the diploid numbers described for marine Myliobatiformes (2n = 52-78). Among Chondrichthyes, only species of Myliobatiformes were reported to have simple systems of sexual determination (Maddock and Schwartz, 1996; Stingo and Rocco, 2001 ). The high number of bi-armed elements, the presence of sexual chromosomes, and the absence of microchromosomes differentiate this group from the Rajiformes, which exhibit different karyotype features (Stingo and Rocco, 2001) . These facts support the phylogenetic classifications proposed by several authors, whereby the Potamotrygonidae family is included in the Myliobatiformes (Mould, 1997; Carvalho et al., 2004; Martin, 2004; Menni, 2004) . However, in the species studied of the family Potamotrygonidae, multiple NORs and a pericentromeric C-band pattern are shared as cytogenetic markers (de Valentim et al., 2006; Cruz et al., 2011) .
Numerical differences in the karyotype of the 2 sexes and the presence of 3 unpaired chromosomes in the males may indicate the presence of a multiple sex chromosome system (X 1 X 1 X 2 X 2 /X 1 X 2 Y) in P. motoro from the Paraná River (Argentina). In the present study, the chromosomes named "X 1 " and "X 2 " are arbitrarily attributed according to cytological observations and are not associated with an ancestral or derivative X chromosome. Multiple sexual chromosome systems might originate from simple systems because of chromosomal rearrangements between autosome and sexual chromosomes (Bertollo et al., 1997; de AlmeidaToledo et al., 2000a,b; Sánchez et al., 2004) . In P. motoro from Argentina, the "Y" chromosome might have arisen from translocations of 2 bi-armed chromosomes, one belonging to the 5th pair (X 1 ) and the other belonging to the 15th pair (X 2 ). Furthermore, other rearrangements may have arisen through deletions and inversions. Cruz et al. (2011) reported the presence of heteromorphic sex chromosomes in P. aff. motoro and P. falkneri, both of which have 2n = 66 chromosomes in the females and 2n = 65 chromosomes in the males. The authors attributed these cytogenetic differences to heteromorphic sex chromosomes, suggesting the occurrence of a multiple sex chromosome system of the type X 1 X 1 X 2 X 2 /X 1 X 2 Y in both species. Comparison of these 2 species with the karyotypes and formulae of P. motoro from Argentina indicates general minor differences; however, the putative sex chromosomes belong to different categories (M, SM, ST).
de Valentim et al. (2006) cytogenetically described 3 species that belong to 2 genera, P. aiereba (2n = 90), P. motoro (2n = 66), and P. orbignyi (2n = 66), from middle Negro River, AM, Brazil; however, the authors found no evidence of sexual heteromorphism. Comparison of the karyotypic data obtained from the current study showed large differences with the Amazonian species, which had a higher number of acrocentric chromosomes. This difference might be attributable to a different interpretation of the cytogenetic results or might have arisen because of different evolutionary pathways. If this suggestion was considered, a taxonomic revision would be necessary because both species studied might belong to different taxonomic entities.
In the cytotype "D" of Hoplias malabaricus, the Y chromosome is a clear derivated of chromosomes X 1 and X 2 (Bertollo, 2007; Cioffi et al., 2010) ; however, in P. motoro, the "Y" chromosome does not appear to maintain structural similarity with the suggested X 1 and X 2 chromosomes. Therefore, additional studies by using staining techniques with greater resolution and fluorescence in situ hybridization, with probes obtained by the micromanipulation of chromosomes, would be useful to elucidate the evolution of the heteromorphic sex system.
